Previous research has shown that the administration of non-steroidal anti-inflammatory drugs in postpartum cattle has the potential to be a viable way to improve productivity and reproduction, although further research is necessary to optimise recommendations for producers. The aim of this research was to determine the influence of carprofen on dairy cows using a number of different indices including stress, reproduction, and milk yield data. The experiment was carried out on 100 first-lactation dairy cows. The animals were divided into two groups. The treatment group (TG, n = 50) was given a subcutaneous injection of Rimadyl Cattle ® (50 mg/ml of carprofen) up to one hour after calving. At the same time, the control group (CG, n = 50) was given an injection of 0.9% NaCl. Blood tests were taken 2, 24, and 48 h after calving and tested using the fluorescence enzyme immunoassay method for cortisol analysis. At 305 days, the total milk yield was recorded for each cow. A computerised herd management program was used for data registration and analysis. Pregnancy was tested by ultrasound between 30 and 35 days after insemination. A subcutaneous injection of carprofen (1.4 mg per 1 kg of body weight) given one hour after parturition in first-lactation cows reduced the level of cortisol within 48 h after calving. During lactation (305 days in milk), the intervention increased the milk yield (252 kg) and pregnancy rates (8.5%), reduced the calving interval (43 days), and decreased the somatic cell count during the second, third, and fourth months after calving.
Providing analgesia to a postpartum cow is not a common intervention following an unassisted calving, but may be used following dystocia, retained placenta membranes and is commonly used following a caesarean section. Behavioural, clinical, and production measures may all be used to indicate pain (Broom and Fraser 2007) . Some trends in the behavioural, clinical, and production data suggest that the use of analgesics has a positive effect on the welfare of postpartum cows and on the milk yield of first-lactation animals. Pain management after parturition leads to earlier feed intake after calving, which may in turn lead to a higher milk yield in first-lactation animals (Stilwell et al. 2014) . Non-steroidal anti-inflammatory drugs (NSAIDs) are frequently used as adjunctive therapy to antibiotics. Carprofen improves the general clinical condition by effective antipyrexia and restoration of reticulorumen motility.
Pain caused by parturition in animals requires more research in order to optimise the parturition process and reduce its negative consequences on health, welfare and productivity (Mainau and Manteca 2011) . According to Paull et al. (2007) , further work is needed to identify the influence of the time of administration of NSAIDs on the efficacy of combination treatment. Although analgesics are used in postpartum cows, evidence following from further studies is needed before a recommendation can be made (Stilwell et al. 2014) . The administration of NSAIDs in postpartum cows has the potential to be a viable way to improve the productivity and potential longevity in commercial dairy farming, although again, further research is necessary to optimise the recommendations for producers (Carpenter et al. 2016) . Carprofen is a suitable analgesic for painful procedures in cattle (Stilwell et al. 2014) In this study, we aimed to determine the effect of post-calving pain management with carprofen (1.4 mg/kg body weight) on some indices of stress, reproduction, and milk yield in dairy cows.
Materials and Methods
The study was conducted during the summer of 2016 between June and August in an agricultural company with 850 cows of the Lithuanian Black and White breed including 720 dairy cows. Each month, between 90 and 100 calving cows were tested, of which 35% were in the first lactation. There was no calving seasonality, and the farm applied cold rearing conditions. All cows were kept in a uniform environment and received an identical ration suitable for their particular stage of lactation. Dry cows were divided into two groups according to the calving period, and different feeding rations were applied. The body condition score of calving cows was 3.5-3.75 (on a five point scale). After birth, the calves were separated from the cows within two hours. Before the study, the selected cattle were examined according to a general clinical examination plan, and were completely healthy. The experiment was carried out on 100 first-lactation dairy cows. The treatment group of cows (TG, n = 50) were given a subcutaneous injection of Rimadyl Cattle ® (50 mg/ml) solution for injection (Zoetis, Belgium) at a dose of 1.4 mg per 1 kg body weight (BW) up to one hour after calving. The control group of cows (CG, n = 50) were given an injection of 0.9% NaCl (B. Braun Melsungen, Melsungen, Germany). Blood tests were taken after 2, 24, and 48 h after calving. The blood samples were collected into vacuum test tubes (BD Vacutainer, England) . The blood samples were tested with a Tosh Corporation AIA-360 using the fluorescence enzyme immunoassay method for cortisol analysis. At 305 days, the total milk yield was recorded for each cow with the help of a computerised herd management program used for data accumulation and analysis. During the study, the cows were examined according to a general clinical examination plan. The cows were monitored for signs of clinical illness, such as metritis, mastitis, and abomasum displacement, and their rectal temperature was recorded daily. Pregnancy was tested with ultrasound 'Easy Scan' between days 30 and 35 after insemination. The time to placental expulsion was noted as less than six hours, between 6 and 12 h, and more than 12 h after parturition. During the investigation the following data were recorded: signs of clinical illness, the milk yield on 305 days in milk (DIM), the somatic cell count (SCC) during the first four months after calving, pregnancy rate, and blood cortisol level.
The data were analysed using the Statistical Package for the Social Sciences, 20.0. The findings were provided as mean values and standard deviations. The Pearson correlation, χ 2 test, and linear regression equations were evaluated to define the relationship between investigated traits; t-test was used to define statistical differences between the two groups. The results were considered significant when P ≤ 0.05.
Results
Significant differences (P < 0.05) were discovered between some diseases after calving (retained placenta, metritis, and clinical mastitis), the pregnancy rate, average milk yield on 305 DIM, mean cortisol level, and SCC during the first, second, third, and fourth months after calving. During the study, the following data were found: retained placenta in TG 10%, CG 30% (P < 0.05); metritis -TG 10%, CG 30% (P < 0.05); clinical mastitis -TG 0%, CG 10% (P < 0.05); ketosis -TG 20%, CG 20%. Other clinical symptoms typical of the diseases after calving (acidosis, abomasal displacement, etc.) were not found.
In our study the TG pregnancy rate was 57.8% compared to 49.3% in CG (P < 0.05). The calving interval in TG was 371 days (± 18.9) compared to 414 days (± 25.6) in CG (P < 0.05). The average milk yield on 305 DIM on TG was 8,752 (± 550) kg compared to 8,320 (± 365) kg in CG. The milk yield was significantly higher in the carprofen-treated group (252 kg) compared to the control group after treatment (P < 0.05). The mean cortisol level in TG two hours after calving was 51.3 (± 24) nmol/l, and in CG 44.1 (±22) nmol/l. At 24 h after calving, the mean cortisol level in TG was 35.8 (± 22) nmol/l compared to 44.1 (± 24) nmol/l in CG (Table 1) . Moreover, 48 h after calving, the mean cortisol level in TG was 20.7 (± 8) nmol/l compared to 26.4 (± 16) nmol/l in CG. After 24 and 48 h after calving, the cortisol level was significantly lower in TG than in CG (P < 0.05). The SCC during the second, third and fourth months was lower in TG than in CC (P < 0.005) ( Table 2 ).
Discussion
We found that the pregnancy rate in TG increased by 8.5% (P < 0.05) and the calving interval was reduced on day 43 (P < 0.05). According to Von Krueger and Heuwieser (2010) , embryonic losses contribute considerably to low pregnancy rates. Our results show that there were fewer cases of diseases after calving (retained placenta, metritis) in TG. According to Gilbert et al. (2005) , puerperal metritis and endometritis represent important causes of (sub) infertility in cattle. The negative effect of these diseases on the reproductive performance in dairy herds has been sufficiently evidenced. Based on this we can state that carprofen injection reduced the incidence of retained placenta and metritis, thereby increasing the pregnancy rate. Also Kreuger et al. (2010) detected that NSAIDs inhibit the synthesis of prostaglandin F 2α by suppressing the enzyme cyclooxygenase, which has been demonstrated to delay luteolysis and to support embryonic survival. It has been shown that PGF 2α has direct negative effects on embryonic survival and development. Similar results were obtained by Heuwieser et al. (2011) who reported that treatment with NSAIDs (e.g., ibuprofen lysinate, flunixin meglumine) might improve pregnancy rates after embryo transfer in recipient heifers.
Our research results have shown that during lactation (305 DIM), milk yields increased (252 kg). According to Carpenter et al. (2016) , the early lactation treatment with NSAIDs from two different classes increased the whole lactation milk yield from between 7% and 9%, with only a three-day treatment window. Our study agrees with the results of Stilwell et al. (2014) , in that the total lactation yields at 305 days in milk were higher in the firstlactation cows treated with carprofen.
The results show a reduction in the level of some indicators of stress (cortisol) within 48 h after calving. According to Beerd et al. (2004) , the assessment of plasma cortisol concentrations has been widely used as an indicator of the activation of the hypothalamic pituitary adrenal axis in response to stressful situations in cattle. Hernandez et al. (2014) found that social separation and unfamiliar surroundings are stressful situations that result in an increase in cortisol secretion in cattle. Changing housing conditions by tethering the animals in a separate area of a barn was unknown to all the animals, particularly in early lactation. Carprofen improved their general clinical condition by effective antipyrexia and restoration of the reticulorumen motility. Pang et al. (2006) detected that carprofen (1.4 mg/kg of BW) tended to reduce the integrated cortisol response, reducing cortisol secretion in banded animals between 6 and 12 h post castration. The use of carprofen reduces the incidence of clinical and subclinical disease by suppressing the cortisol response to pain. According to Negrao and Marnet (2003) , cortisol is known to cause immunosuppression and, therefore, increase the risk of infection. High circulating cortisol concentrations were reported to be linked with reduced milk TG -treatment group (animals injected with carprofen); CG -control group (animals injected with 0.9% NaCl); *P < 0.005 yields. Gellrich et al. (2015) found that correlation analyses indicated a significant negative association of milk cortisol and milk yield and milk yield-dependent variables (i.e. protein yield and fat yield). We found that the SCC in TG during the second, third and fourth months was lower than in CC (P < 0.005). According to Du Preez (2000) , when cows are stressed, cortisol secretion increases and the immune function is suppressed, including the atrophy of the immune organs and a decrease in the number of lymphocytes and acidophilic leukocytes in the blood. All of these factors lead to the inhibition of cellular immunity and resistance to disease. Similar results reported by Yang et al. (2017) show that blood cortisol levels in cattle with subclinical mastitis (milk SCC > 3 × 10 5 cells/ml) were significantly higher than in healthy cattle (milk SCC < 1 × 10 5 cells/ml). Based on our results, it can be concluded that a subcutaneous injection of carprofen (1.4 mg per 1 kg of body weight) administered one hour after parturition in first-lactation cows reduces the level of some indicators of stress (cortisol) within 48 h after calving. During lactation (305 DIM), the intervention increased milk production (252 kg) and pregnancy rates (8.5%), reduced the calving interval (43 days) and decreased the SCC during the second, third and fourth months after calving.
